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ABSTRACT 


Leptospirosis is a bacterial zoonotic disease caused by spirochetes of the genus Leptospira. The direct method of diagnosis 
of Leptospirosis has been so far by culture isolation but isolation rate of the microorganism from clinical specimens is low. The 
additional conventional method is the detection of antibodies which is done by ELISA, that fails to identify the infecting serovar. 
MAT is used as the gold standard, but it can only confirm the disease at a later acute phase because anti-Leptospira antibod¬ 
ies usually become measurable only 5 to 7 days after onset of illness. Thus, serology does not contribute to early diagnosis 
of Leptospirosis. To overcome these limitations, we developed PCR assay targeting ccmF gene of Leptospires using in-house 
designed RGf and RGr primers, with a product size of 910bp. The protocols were standardized. PCR could detect the target 
bacterial gene without any ambiguity. This simple, cost-effective and rapid method can be applied to detect causative Leptospira 
interrogans serovars from the isolates. 
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INTRODUCTION 

Leptospirosis is a disease that is caused by spirochetes, 
members of the genus Leptospira. It is well illustrated as 
the frequent zoonosis in the world. Leptospirosis is most 
common in the tropics and distributed worldwide (except in 
the Polar Regions)(l). Under reporting is a major concern 
in analyzing the actual incidence of leptospirosis in many 
Asian countries(2). In India, it is directly related to either 
monsoons or poor sanitary conditions, with multiple epidem¬ 
ics reported(3-6). 

For quick epidemiological response and also for timely treat¬ 
ment paradigms, rapid and simple assays that can reliably 
detect and distinguish Leptospira are necessary. Combining 
clinical proficiency and alertness with confirmatory labora¬ 
tory back up noticeably increases the recognition of patients 
with Leptospirosis. As the clinical features are imprecise, lab¬ 
oratory test play a key role in diagnosis of Leptospirosis(7). 


Since isolation rate of the microorganism from clinical spec¬ 
imens is low, often due to the prior indiscriminate use of anti¬ 
biotics, serological techniques remain the cornerstone of di¬ 
agnosis. The analysis of acute- and convalescent-phase sera 
by ELISA and the microscopic agglutination test (MAT). 
MAT is used as the gold standard, but it and can only confirm 
the disease at a later acute phase because anti-Leptospira an¬ 
tibodies usually become measurable only 5 to 7 days after 
onset of illness. 

Hence, serology does not contribute to early diagnosis of 
Leptospirosis. Early diagnosis is obligatory because anti¬ 
biotic treatment is most valuable when it is initiated early 
in the course of the disease. It is imperative to note that, in 
distinction to many of the resembling diseases (e.g. den¬ 
gue), leptospirosis can easily be treated with antibiotics. 
This is provided that the diagnosis is confirmed in the first 
week of disease onset, when treatment with antibiotics is 
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most effectual. Thus to facilitate preliminary treatment at 
the most effective time point, the availability of an accurate 
diagnostic test that is needed in the early acute phase of the 
disease. 

Alternative methods were developed to assess the presence 
of leptospires in clinical samples like immune peroxidase 
staining (8), Immuno fluorescence staining (9) and DNA 
hybridization (10).These were useful methods for the detec¬ 
tion of Leptospira, provided that the micro-organisms should 
present in fairly large numbers. These were not satisfactory 
for routine diagnostic purposes, mainly because of their lack 
of sensitivity. 

Rapid recognition of small numbers of leptospires may be¬ 
come realistic due to precise amplification of Leptospiral 
DNA(11,12). PCR is a sensitive, specific, and rapid tech¬ 
nique which has been successfully applied to the detection 
of several microorganisms and viruses in a variety of clini¬ 
cal specimens, including sputum, serum, cerebrospinal fluid, 
urine, faeces, and various tissues. PCR can rapidly confirm 
the detection in the early phase of the disease and before an¬ 
tibody titres are at detectable levels. 

Several PCR assays have been developed for the detection of 
leptospires species, and that are unable to detect Leptospira 
at serovar level. It is epidemiologically important to identify 
the infecting Leptospira serovars, as they may be associated 
with certain animal host species. So the appropriate control 
measures can be instituted. 

The aim of this study was to identify the gene with potential 
to enhance Leptospira serovar discrimination by sequencing- 
based methods. We used bioinformatics tools to check the 
discriminatory power of existing genes. Previously depos¬ 
ited sequence data were evaluated by phylogenetic analyses 

MATERIALS AND METHODS 

Computational determination of discriminatory 
powers of housekeeping genes 

Thirteen housekeeping genes were selected in a present study 
by comparison between two Leptospira genomic sequences 
available in gene bank (http://www.ncbi.nlm.nih.gov) those 
of L. interrogans serovars Copenhageni strain Fiocruz Ll- 
130 chromosome I (accession number AE016823.1) and L. 
interrogans serovar Lai strain 56601 chromosome I (acces¬ 
sion number AE010300.1) 

Multiple sequence alignments (MSA) for these sequences 
were carried out using CLUSTALX Version 2.1software 
(13).Multiple Sequence Alignments were manually edited 
to remove ambiguities using DAMBE software (14). Poly¬ 
morphic sites were counted and percent polymorphism for 
each gene was determined (Table 1). 


Table i: Polymorphism of housekeeping genes 


Sr 

No. 

Gene 

Name 

Polymorphic 
sites/Total 
base pair 

% Polymor- 
phism 

i 

icd 

Isocitrate de¬ 
hydrogenase 

0/1190 

0.0 

2 

glmU 

UDP-N- 

glucosamine 

pyrophos- 

phorylase 

0/820 

0.0 

3 

pntA 

NAD(P)tran- 
shydrogenase 
subunit alpha 

1/1160 

0.0 

4 

fadD 

Probable 
long chain 
fatty acid-coA 
ligase 

3/2100 

0.1 

5 

adk 

Adenylate 

kinase 

1/560 

0.2 

6 

tpiA 

Triosphos- 
phate isomer- 
ase 

2/750 

0.3 

7 

sucA 

2-oxoglutar- 
ate dehydro¬ 
genase 

decarboxylase 

component 

13/2760 

0.5 

8 

groEL 

Heat shock 
protein 

8/1640 

0.5 

9 

secY 

Preprotien 

translocase 

7/1380 

0.5 

io 

polA 

DNA poly¬ 
merase I 

18/2750 

0.7 

11 

gcvP 

Glycine dehy¬ 
drogenase 

21/2895 

0.7 

12 

recF 

DNA replica¬ 
tion and 
repair protein 

10/1090 

0.9 

13 

ccmF 

Cytochrome 

C biogenesis 
protein 

127/2190 

5.8 


Primer Design 

As ccmF gene was found to have maximum percent poly¬ 
morphism (i. e. 5.8%), and was selected for further study. 

Primer 3 software was used to design primers for the hy¬ 
per variable region of ccmF gene (15). In order to ensure 
optimal primer pair, primer length was set 20 bp, Tm was 
set at 45°C to 60°C,and the difference between forward and 
reverse primer sets was minimized (within 2°C). The target 
value for primer GC content was 50-60%. No secondary 
structures within primers were allowed. All above param¬ 
eters were manually checked by Generunner (http://ftparmy. 
com/130936-gene-runner.html) software. 
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To check the lack of sequence homology with other bacterial 
or eukaryotic DNA sequences, designed primer sequences 
were checked for with a primer BLAST (NCBI, Bethesda, 
MD)(http://blast.ncbi.nlm.nih.gov/Blast.cgi) search. In sili- 
co designed primer pairs were synthesized by commercial 
manufacturer (Sci Fi biological) and were named as RGf and 
RGr primers. 

Utility of primers 

DNA extraction from standard serovars: 

Five Leptospira interrogans serovars were obtained from 
National Leptospirosis Reference Centre, Regional Medical 
Research Centre in Port Blair, Andaman and Nicobar islands 
(listed in table 2). 

The serovars were grown in Ellinghausen-McCullough- 
Johnson-Harris (EMJH) media (BD, Sparks, MD) at 30°C 
for 6-8 days. Leptospiral DNA was isolated from standard 
cultures with a Qiagen Blood and Cell Culture DNA Mini kit 
(Qiagen, Valencia, CA). 


Table 2: Leptospira interrogans serovars tested in 
this study 


Sr. No. 

Serovar 

1 

L. interrogans Australis 

2 

L. interrogans Autumnalis 

3 

L. interrogans Bataviae 

4 

L. interrogans Icterohaemorrhagiae 

5 

L. interrogans Pomona 


PCR standardization 

A total reaction volume of 25 pL consisted of 10 pL Qiagen 
Master Mix, 1.5 pL of forward primer (2 pmol /pL stock), 
1.5 pL of reverse primer (2 pmol /pL stock), 10 pL nuclease- 
free water and 2 pL DNA template. For negative controls, 
nuclease-free water was used instead of the DNA template. 
Samples were run for 2 min at 94°C, followed by 30 cycles of 
30 s at 94 °C, 30 s at 55°C and 30 s at 72 °C on a Gene Amp 
PCR System 9700 (Applied Biosystems, Foster City, CA) At 
the end of the 30 cycles was an extension period of 7 min at 
72°C. PCR products were visualized on a 2% agarose gel and 
documented with a Gene Flash gel documentation system 
(Syngene, Frederick, MD). Each sample was run at least two 
times for reproducibility (Fig 1). 

Gene amplicons were sequenced using ABI 3730x1 and se¬ 
quences were submitted to NCBI to get accession numbers 
(Table 3). 


Negative Positive 
control control 



ccmF gene 
specific 
band 910bp 


Figure 1: Gel electrophoresis of ccmF PCR products of stand¬ 
ard Leptospira interrogans serovars. 


Lanel: Leptospira interrogans serovar Australis 

Lane 2: Leptospira interrogans serovar Autumnalis 

Lane 3: Leptospira interrogans serovar Bataviae 

Lane 4: Leptospira interrogans serovar Icterohaemorrhagiae 

Lane 5: Leptospira interrogans serovar Pomona 

Lane 6: Negative control 

Lane 7: Positive control 


Table 3: Gene Bank accession numbers of ccmF gene 
nucleotide sequences of Leptospira interrogans se¬ 
rovars 


Sr. 

No. 

Serovar sequence ID Ger 

Le bank accession 

ID 

1 

Banklti930459 (L. interrogans 
Australis) 

KX431848 

2 

Banklti930459 (L. interrogans 
Autumnalis) 

KX431849 

3 

Banklti930459 (L. interrogans 
Bataviae) 

KX431850 

4 

BankIti930459(L. interrogans 
Icterohaemorrhagiae) 

KX431851 

5 

Banklti930459 (L. interrogans 
Pomona) 

KX431852 


Phylogenetic tree of L. interrogans serovars for 
ccmF gene 

Multiple sequence alignment (MSA) for sequences of stand¬ 
ard leptospira serovars was carried out using CLUSTALX 
Version 2.1 software. Multiple Sequence Alignment was 
manually edited to remove ambiguities using DAMBE soft¬ 
ware. 

Polymorphic sites were counted and percent polymorphism 
for ccmF gene was determined. Phylogenetic tree was con¬ 
structed by Neighbour Joining method using MEGA5 soft¬ 
ware package(16). 

Specificity testing of primers 

To check cross-annealing of primers with other species, 
ccmF primers designed were tested against the isolates of 
Bacillus cereus, Escherichia coli, Candida tropicalis. Sal¬ 
monella typhi, Staphylococcus aureus and Mycobacterium 
tuberculosis. 
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DNA was isolated from these cultures with a Qiagen Blood 
and Cell Culture DNA Mini kit, and were tested by ccmF 
gene PCR. 

RESULTS 

ccmF gene (encoding Cytochrome C biogenesis protein) 
had maximum percent polymorphism i.e 5.8% among other 
genes studied. Thus it was selected for further studies and 
primers were designed and PCR was standardized. 

BLAST output of primers showed high degree of specificity 
for Leptospira species. 

The size of the amplification products corresponded to the 
expected fragment size i.e. 910 bp. 

The genetic distance between the L. interrogans serovars in 
the phylogenetic tree is represented by a bar which repre¬ 
sents 0.005 nucleotide substitutions per alignment position 
among the serovars. This demonstrates variations in the se¬ 
quence homology of ccmF gene which reflects in genetic di¬ 
versity. All the Leptospira interrogans serovars under study 
were segregated from each other (Fig: 2). 

Primer sets produced only amplification products for stand¬ 
ard Leptospiral serovars and not the other test organisms. 

DISCUSSION 

In the last two decades, several PCR assays for the detec¬ 
tion of Leptospires have been illustrated. PCR should gen¬ 
erate an amplicon with sequence variability appropriate 
for phylogenic assessment for molecular epidemiological 
purposes. 

The techniques such as, Restriction fragment length poly¬ 
morphism analysis (17,18), ribotyping (17), pulsed-field 
gel electrophoresis (19) DNA hybridization (20), variable- 
number tandem-repeat analysis, arbitrarily primed PCR (AP- 
PCR), low-stringency single specific primer PCR (LSSP- 


-Icterohemorrhagiae 

Bataviae 

Pomona 
Australis 
Autumnalis 

l-1 

0.005 


Figure 2: A phylogenetic tree of reference Leptospira serovars 
for ccmF gene. 


PCR),PCR restriction endo- nuclease analysis (PCR-REA) 
(21) etc. are available for Leptospira serovar identification. 

However, fragment length polymorphism, ribotyping and 
pulsed-field gel electrophoresis are laborious, and time-in¬ 
tensive and require significant amounts of genomic DNA, 
whereas methods such as AP-PCR and LSSP-PCR result in 
complex banding patterns,DNA-DNA hybridisation is labo¬ 
rious and requires the use of radio-labelled isotopes.Hence 
cannot be used for routine diagnostic purposes. 

Here we described the use of bioinformatics to identify novel 
gene i.e ccmF gene which is having potential of discrimina¬ 
tion between Leptospira serovars. 

PCR tests developed by other researchers also provide fast 
testing platforms, but the primers used can only differentiate 
between Leptospira species and have some disadvantages. 

Primers presented in this study provide the ability to detect 
and differentiate between Leptospira interrogans serovars, 
that will be especially useful in epidemiological studies as 
the source for disease outbreaks. 

ccmF gene codes for cytochrome c-type biogenesis protein 
CcmF. Cytochrome C is found in respiratory or photosyn¬ 
thetic electron transport chain, contain covalently bound 
heme. Bacterial C type cytochromes are extra cytoplasmic 
proteins and can be soluble and membrane bound. Presently 
we know 12 bacterial genes which control cytochrome C 
maturation ccm (ABCDEFGHI) res ABC and four genes that 
control redox state of the cell. 

ccmF gene is housekeeping gene, present in pathogenic and 
non pathogenic Leptospira which codes for cytochrome c- 
type biogenesis protein ccmF. It has an average length of 
650 amino acids. As this gene has a housekeeping function, 
hence it is less susceptible to some forms of lateral gene 
transfer (22). 

The species L. interrogans is one of the dominant pathogen 
majorly found in the most infections related to Leptospirosis 
when compared to other pathogenic species like Leptospira 
borgpetersenii, Leptospira santarosai, Leptospira nognchii, 
Leptospira weilii, Leptospira kirschneri and Leptospira al- 
exanderi. Cerqueira et al, 2009 demonstrated that the L. in¬ 
terrogans species is associated with severe human Leptospi¬ 
rosis, while the other strains like L. santarosai have shown 
their association with pigs and cattle. Hence, we first ana¬ 
lyzed the various serovars related to species L. interrogans 
(23). 

The potential of this assay must be balanced by a limitation: 
As ccmF gene is housekeeping gene, so it is present in non 
pathogenic Leptospira also. Hence DNA sequencing will be 
needed to discriminate between pathogenic and non patho¬ 
genic Leptospira. 
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CONCLUSION 

The ccmF encoding gene had higher nucleotide divergence 
that allowed identification and also the potential for the dis¬ 
crimination between closely related Leptospiral serovars. 
The ccmF gene PCR may also likely to detect other L. inter¬ 
rogans serovars hence it may be valuable tool for early di¬ 
agnosis of Leptospires directly from biological samples with 
clinical suspicion of leptospirosis. This new PCR could be 
useful in epidemiological studies to identify the source for 
disease outbreaks. 
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